Portions of Chile were surveyed for Anostraca. Including the two species of Artemia previously reported from Chile, we found 5 new localities and range extensions for 5 species of Branchinecta. Previous studies on Chilean Anostraca have focused on Artemia, and although Branchinecta was previously reported in Antarctica close to Chilean Air Force installations, and in a few temporal ponds in Southern Patagonia, the species were never determined. Brief habitat descriptions, as well as conservation status, and identification keys are presented and discussed. Additionally, we describe a new species from the Atacama Desert, Branchinecta papillata n. sp.
INTRODUCTION
The anostracan fauna of the Neotropical region is rich and varied (César, 1989; Bayly, 1993; Brtek, 1995, 1997; Rabet and Thiéry, 1996; Rogers, 2003 Rogers, , 2006 Rogers and Ferreira, 2007) . Twenty-nine species in three families are recorded from this region: Artemiidae, with two Artemia species (Vanhaeke et al., 1987; Gajardo et al., 1995) ; Branchinectidae, represented by 14 Branchinecta species (César, 1989; Cohen, 1995; Rogers and Ferreira, 2007) ; and the Thamnocephalidae, with two Thamnocephalus species (Belk and Pereira, 1982; Cohen, 2002) , one Phallocryptus species (Rogers, 2003) , nine species of Dendrocephalus (Pereira and Belk, 1987; Pereira and Ruiz, 1995; Rabet and Thiéry, 1996) , and the monotypic Gurneya (Brtek, 1996) . Most regional works have focused on Patagonia (Biraben, 1946) , Argentina (César, 1989) , Brazil (Rabet and Thiéry, 1996) , Venezuela (Pereira, 1984) , the Galapagos Islands, Ecuador (Brendonck et al., 1990) , and the Netherlands Antilles (Belk et al., 2002) .
Few studies have been conducted on the anostracan fauna of the Republic of Chile, all of which have focused on the genus Artemia in the Atacama Desert in the north and Magallanes region in the south (Gajardo et al., 1998; Medina and Paez, 1999; De los Ríos and Zuñiga, 2000) .
We conducted limited surveys of the anostracan fauna of Chile, and provide the first records of the genus Branchinecta for the country, including one previously undescribed species. Our surveys ( Fig. 1) focused on temporary and permanent shallow ponds in Atacama Desert in northern Chile (188 to 278 south latitude), and the Patagonian Plateau (448 to 538 south latitude). Pools of both types have higher relative salinity and conductivity levels, due to the presence of inland saline deposits. The Atacama Desert pools are primarily saline environments. The Patagonian Plateau pools are exposed to strong winds, rainy winters and dry summers, and are part of the ''Patagonian desert'' (Niemeyer and Cereceda, 1984) . This desert has many temporary waters that do not support fish, and have relatively high conductivity levels (Soto et al., 1994 , De los Ríos, 2005 . Soto (1990) and De los Ríos (2005) described the zooplankton community of temporary habitats in the Magallanes region of southern Chile, which was dominated by calanoid copepods, and had unidentified anostracans present. Soto (1990) mentioned anostracans (reported at order level) from some temporary pools at approximately 528 south latitude in the Magallanes region, co-occurring with unidentified notostracans, calanoid copepods (mainly Boeckella poppei (Mrázek, 1901) and Parabroteas sarsii Daday, 1901) , and cladocerans (Daphnia dadayana (Daday, 1902) sensu Paggi, 1999) .
MATERIALS AND METHODS
Anostracan populations were sampled from ephemeral pools, playas, stock tanks and salt lakes (salares) throughout Chile, although the majority of surveys were conducted in the southern portion of the country. Sampling areas were selected for habitat diversity, elevation, geomorphic setting, and accessibility. Habitats were sampled during and subsequent to inundation by seasonal rains and snowmelt. All habitats were sampled using a fine mesh dip net. The netted specimens were preserved in 95% ethanol.
In the laboratory, the specimens were sorted and identified to species or genus level, depending upon age and gender of each specimen, using a Wild M-8 zoom stereoscope. Material was identified through comparison with material in DCR's collections, and use of the appropriate taxonomic references. Type specimens were deposited in Museo Nacional de Historia Natural, Santiago, Chile. SYSTEMATICS Taxonomic keys to species are provided for all species known to occur within Chile's borders. In addition, separate brief habitat and range descriptions for each species occurring in Chile are provided. The taxonomic portion is not intended to reflect any presumed phylogenies, but instead follows the order that the species appear in the key.
Collection Description Male (Fig. 2 ).-Average length from the anterior margin of the head to the distal most margin of the telson 11.6 mm (see remarks on specimen shrinkage in Rogers, 2002) . Head with dorsal anterior-lateral margins projecting beyond the bases of the compound eye peduncle. Head anterior surface with a pair of ''rounded mounds'' (sensu Cohen, 1992) on either side of, and anterior to, the naupliar eye.
First antennae approximately half the length of the second antennal proximal antennomere. First antennae apices truncated.
Second antennal proximal antennomere subcylindrical, without a pulvillus or an apophysis, with medial surface bearing scattered, elongated papilliform, flexible spines, with the spines increasing in density and length distally. Number of papilliform spines variable between specimens. Anterior surface with a rounded bulge situated midway along the antennomere.
Second antennal distal antennomere arcuate proximally, curving medially, and apically subacute. Medial surface concave. Distal antennomere triangular in cross section, with the anteriomedial, posteriomedial and lateral edges margined with spines.
Labrum smooth, distal lobe truncated, short remaining below labrum. Mandibles with molar surface covered with fine denticles, posterior spine reduced and blunt. Maxilla I with endite bearing a transverse row of 25 to 30 long setae each with fine lateral setules all intermeshed. Maxilla II reduced, subconical in form.
Thorax smooth dorsally. Thoracopods with pre-epipodite broadly oval, margin serrated. Pre-epipodite covering epipodite. Epipodite broadly oval, margin crenulate, exopods and endopods triangular. Exopods margined with long filiform setae as long as exopod. Endopods with lateral margins bearing long, stout based, aciculate setae, pectinate in the distal two thirds, becoming shorter and curved medially, towards endopodite apex and around medial margin. Endites 1þ2 and 3 with extremely long, fine, filiform setae, twice the length of the endite, covered with fine setules.
Thoracopod I with endite 4 bearing three anterior stout setae, and three posterior filiform setae. Endite 5 with three stout anterior setae, and four posterior filiform setae. Endite 6 with three filiform setae.
Thoracopod V with endite 4 bearing two stout, curved, pectinate, aciculate anterior setae, and five posterior filiform setae. Endite 5 with four stout, curved, pectinate, aciculate anterior setae, and eight posterior filiform setae. Endite 6 with five stout, curved, pectinate, aciculate setae.
Thoracopod IX with endite 4, 5 and 6 bearing respectively, four, three and three stout based, elongated, aciculate setae, three times as long as the endites.
Genital segments slightly produced ventrally. Gonopods each bear a medial elongated spine. Gonopods short, extending to first abdominal segment. Each gonopod armed with an apical-lateral ''wart-like'' mound, covered in minute recurved denticles.
Cercopods as typical for the genus.
Female (Fig. 3 ).-Average length from the anterior margin of the head to the distal most margin of the telson 13.9 mm (see remarks on specimen shrinkage in Rogers, 2002) . Head with dorsal anterior-lateral margins projecting beyond the bases of the compound eye peduncle. ''Rounded mounds'' absent. First antennae 2-2.5 times the length of the eye plus the peduncle. Second antennae short, stout and apically acute, with a distally directed anteriolateral bulge bearing a few small apical spines.
Labrum, mouthparts, and thoracopods as in male. Last thoracic segment with a lateral, broad lamellar projection with an angular apex, situated parallel to the body, and directed laterally and posteriorly. Subsequent four abdominal segments with similar structures, although more lobiform in shape and only a third the size of the thoracic projection, decreasing in size caudally.
Brood pouch cylindrical, four or five times the diameter of the abdomen, extending to telson. Ovaries extend anteriorly to thoracic segment four, five or six, and posteriorly to abdominal segment three or four.
Cercopods as in male. Females are similar in size to males.
Etymology.-The name ''papillata'' refers to the apically spiniform papillae on the medial surface of the male second antennae.
Type Locality.-Ephemeral pools near the road of ''Salar de Coposa'', Atacama, Chile.
Types.-Deposited holotype and paratypes (11504) Museo Nacional de Historia Natural, Santiago, Chile. Paratypes in the collection of D. Christopher Rogers. Range.-Known only from the type locality.
Habitat.-The ''Salar de Coposa'' is comprised of two groups of shallow pools, 3 to 7 km 2 and 3730 m elevation. One group of pools has high concentrations of clorure, and the other has high in sulphate concentrations (Risacher et al., 1999 (IUCN, 2001) . That is to say, this species currently has a known extent of occurrence of less than five localities. Additional surveys of this region need to be conducted to adequately determine the distribution of this species.
Comparisons.-Branchinecta papillata n. sp. is most similar to Branchinecta achalensis César, 1985 . Both species share a similar basic male second antennal morphology, and female abdominal and genital morphology. The original description and figures of B. achalensis are inadequate, however Cohen (1986) redescribed the species and presented a more detailed diagnosis and set of figures. Male B. papillata are easily separated from B. achalensis by the lack of frontal protuberances and the spinose projection (protuberancia and saliencia espinosa, respectively of Cohen, 1987) on the second antennal proximal antennomere that are so prominent on B. achalensis (César, 1985 , Cohen, 1987 . The male second antennal distal antennomere of B. papillata is broader (length / width ratio of .35) than in B. achalensis (.18) (Cohen, 1987) . The male second antennal distal antennomere of B. papillata is nearly straight, and margined anteriorly and posteriorly with denticulate spines and has a row of small denticulate spines on the lateral margin, whereas the distal antennomere of B. achalensis is arcuate and entirely lacks spines (César, 1985 , Cohen, 1987 . The distal second antennal antennomere apex of B. papillata is rounded, bearing fine denticles, whereas in B. achalensis the apex is acute and lacks denticles.
Male B. papillata are separated from all other congeners by the presence of the second antennal papilliform spines on the distomedial surface.
Female B. papillata differ from B. achalensis in the form of the second antennae, which is much broader, and lacks the distomedial spine. Remarks.-B. palustris was found cooccurring with B. papillata in the northern Atacama Desert in pools adjacent to the Salar de Coposa.
This species has previously only been reported from Rio Negro Province in Argentina. This new locality represents a significant range extension of approximately 2,000 kilometers. Cohen, 1981 Remarks.-We did not encounter this species in our surveys. However, it has been recorded from Antofagasta Province, at Paniri Volcano at 5930 meters elevation (LazoWasem, personal communication) . This represents a significant range extension, as this species was previously known only from Rio Negro Province in Argentina. Remarks.-This species has been previously reported from Santa Cruz and Chubut Provinces in southern Argentina (Cesar, 1987; Cohen, 1992 Cohen, , 1995 . Our new records are in adjacent southern Chile. Remarks.-This species was misidentified as Branchinecta granulosa Daday by Llano (1962) .
Branchinecta valchetana

Branchinecta gaini
Artemiidae Grochowski, 1896
Originally, only A. franciscana Kellogg, 1906 was reported from continental Chilean territory (Vanhaeke et al., 1987) from intentionally introduced as well as probably natural populations. However, recent studies demonstrated the presence of A. persimilis Piccinelli and Prosdocimi, 1968 for southern Chile (Gajardo et al., 1998 (Gajardo et al., , 2000 Zuñiga et al., 1999; De los Ríos and Zuñiga, 2000) . Campos et al. (1996) described the habitats of two A. persimilis populations in southern Chile, reporting salinity levels between 15 to 45 g/l. A. franciscana occurs primarily in saline ponds in northern Chile (Gajardo et al., 1998, De los Ríos and Zúñiga, 2000) and Argentina (Papeschi et al., 2000) , that have higher salinity levels compared to sites in southern Chile (90 g/l) (Chong, 1988; Gajardo et al., 1998 , De los Ríos 2005 . A. persimilis have an optimal development in temperature and salinity levels relatively lower than A. franciscana (Sorgeloos et al., 1986; De los Ríos, 2001 (Soto, 1990) , and it is likely that future surveys will find Spinicaudatans and Laevicaudatans.
It appears that zooplanktonic structure in Chilean temporary pools may be governed by two factors: salinity and predatory copepods. Salinity levels below 12 g/l are conducive to calanoid copepods and Branchinecta. Vega (1997 Vega ( , 1998 Vega ( , 1999 reported that the calanoid copepod P. sarsii is a predator on copepod nauplii, and juvenile cladocerans, therefore it is also possible that this species may predate on anostracan nauplii. A similar situation occurs in Northern Chile, in that the calanoid Boekella poopoensis (Bayly, 1993 ) is present in low salinity temporary waters, whereas in habitats where the salinity level is at or above 90 g/l, calanoids are absent and Artemia dominates (Hurlbert et al. 1986 , Williams et al. 1995 , De los Ríos 2005 . Hurlbert et al. (1986) , Hammer and Hurlbert (1992) , and Williams (1998) supposed that the calanoids would predate on Artemia nauplii and this would explain why Artemia does not occur at lower salinities in Northern Chile, as it does in other parts of the world.
We found two species (B. granulosa and B. vuriloche) previously reported only from southern Argentina (Belk and Brtek 1995) in southern Chile. This is not unexpected, as the Andes Mountains are relatively lower in altitude in this region and are not necessarily factors of isolation (Gajardo et al., 1998; De los Ríos and Zuñiga, 2000; Menu-Marque et al., 2000; De los Ríos 2005) .
In contrast, the Andes Mountains in northern and central Chile much higher altitude and would be considered to constitute a barrier to dispersal between Chile and Argentina (Gajardo et al. 1998, De los Ríos and Zuñiga 2000) . However, we found B. palustris, a southern Argentine species, occurring in northern Chile. The fact that B. palustris, as well as other Argentine species (César, 1989) , have such disjunct distributions, coupled with the fact that the greatest number of described anostracan species in Argentina is in the Buenos Aires vicinity, is reasonable to assume that these records represent where people have looked, rather than being an accurate reflection of anostracan distribution. With this in mind, we are of the opinion that more new species and species records will be discovered by future survey efforts in South America Austral. We sincerely hope that this study will encourage more researchers to look for large branchiopod Crustacea in South America.
